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STSC Inc.; Mar. 16, 1987. Acc. #00152990, File 621. 

"Optimal production planning ..." by Bartmann, D. ; Oct. 1983 Acc. #02301025 file 
#2. 

ART-UNIT: 241 

PRIMARY -EXAMINER: Hayes, • Gail 0. 
ASSISTANT-EXAMINER: Shingala; Gita 
ATTY- AGENT- FIRM: Fenwick & West LLP 

ABSTRACT: 

A demand forecasting and production scheduling system and method creates production 
schedules for various business items describing a forecasted demand for the business 
items in a number of future time intervals. The system includes a computer managed 
database of various profiles, including a base profile for each business item, and a 
number of influence profiles. The profiles describe variations in demand for the 
business item in a number of time intervals. The base profile describes an 
underlying level of demand for a business item that is anticipated for the business 
item absent any influencing factors, such as promotional sales, holidays, weather 
variations, and the like. The variations in demand for the business item due to such 
influence factors are stored in the database as influence profiles. The influence 
profiles may be either standard, percentage, or seasonal. The forecasted demand for 
a business item in a number of future time intervals is determined by selective 
combination of the base profile for the business item and any number of influence 
profiles. The forecasted demand is stored in the database in a forecast profile. 
From the forecast profile a production schedule is created, and the business item 
provided according to the production schedule. Actual demand for the business item 
is monitored and stored. The variation between actual demand and the forecasted 
demand is used to update the base and influence profiles. From the updated base and 
influence profiles the forecasted demand is redetermined, and the production 
schedule updated accordingly. 

48 Claims, 6 Drawing figures 
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Likewise, for a retail store providing consumables, such as a fast food restaurant, 
production would include__making the business items (e.g. cookies , hamburgers, tacos, 
and the like) in the f precast ed ^quanti ties at-tfhe specified future time intervals . 
In this type of retail^eTTvTronment , demand fluctuates signif iearffly^throughout the 
day, and there is a need t o prov ide^-t he-bu siness items, which are perishable, only 
at or about the time when Hemand is_f precast ed . Accordingly, in this environment, 
the production schedule of -forecasted demand is particularly useful, and would 
indicate in hourly, quarter-hourly, or other useful interval, the quantity 
forecasted for each business item offered by the establishment. In addition, the 
production schedule may be used interactively _such an embodiment to provide 
employees of the business with the forecasted demand levels at some predetermined 
amount of time prior to the f orecast'e^ := ^e r ma~rid interval so that the business item may 
be produced in time to meet the forecasted demand. 
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Likewise, for a retail store providing consumables, such as a fast fond restaurant, 
production would include making the business items (e.g. cookies, hamburgers, tacos, 
and the like) in the forecasted quantities at the specified future time in hprvaTa. 
In this type of retail environment, demand fluctuates significantly throughout the 
day, and there is a need to provide the business items, which are perishable, only 
at or about the time when demand is forecasted. Accordingly, in this environment, 
the production schedule of forecasted demand is particularly useful, and would 
indicate in hourly, quarter -hourly, or other useful interval, the quantity 
forecasted for each business item offered by the establishment. In addition, the 
production schedule may be used interactively such an embodiment to provide 
employees of the business with the forecasted demand levels at some predetermined 
amount of time prior to the forecasted demand interval so that the business item may 
be produced in time to meet the forecasted demand. 
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TV>t-ai1pri TtefifrHpt-ion Text (73) : 

Likewise, for a retail store providing consumables, such as a fast food restaurant, 
production would include making the business items (e.g. cookies, hamburgers, tacos, 
and the like) in the forecasted quantities at the specified future time intervals. 
In this type of retail environment, demand fluctuates significantly throughout the 
day, and there is a need to provide the business items, which are perishable, only 
at or about the time when demand is forecasted. Accordingly, in this environment, 
the production schedule of forecasted demand is particularly useful, and would 
indicate in hourly, quarter- hourly, or other useful interval, the quantity 
forecasted for each business item offered by the establishment. In addition, the 
production schedule may be used interactively such an embodiment to provide 
employees of the business with the forecasted demand levels at some predetermined 
amount of time prior to the forecasted demand interval so that the business item may 
be produced in time to meet the forecasted demand. 
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The user authors 201 a plurality of base profiles and influence profiles that 
describe thp rplatinnships between the business items, time intervals, and actual 
demand data. The base profiles and the influence profiles are drawn from an analysis 
of actual demand data in the actual demand data file. 15 which stores the demand for 
the item on an interval basis. The user may additionally chose to author variables 
describing production capacity and staffing requirements of the business location, 
along with other location specific or relevant production variables. 
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ART-UNIT: 241 

PRIMARY-EXAMINER: Hayes ; Gail O. 
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ATTY -AGENT -FIRM: Perman & Green 



ABSTRACT : 

A method for constrained material requirements planning, optimal resource 
allocation, and production planning provides for an optimization of a manufacturing 
process by designating the amounts of various manufactured products to be produced, 
which products include both end products as well as subassemblies to be employed in 
the manufacture of one or more of the end products. In order to accomplish the 
optimization, the method employs an objective function such as the maximization of 
income in a situation wherein there are limitations on the inventory of raw 
materials and tools to be employed in the manufacturing process. Data describing 



elemental steps the manufacturing process for^^e production of each end product, 
as well as the quantity or demand for each end product which is to be supplied, are' 
presented as a set of linear mathematical relationships in matrix form to be 
inserted in a computer which determines the optimum number of each end product in 
accordance with an LP optimization algorithm. The matrix contains bill of material 
data, and various constraints such as a constraint on the sum of products shipped 
and used as subassemblies, and constraints based on inventory, on available time for 
use of resources such as tools, and on inventory left over from an early production 
run for a later run. 

23 Claims, 10 Drawing figures 
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Ahsfrarf Tpvh (1) . 

A method for constrained material requirements planning, optimal resource 
allocation, and production planning provides for an optimization of a manufacturing 
process by designating the amounts of various manufactured products to be produced, 
which products include both end products as well as subassemblies to be employed in 
the manufacture of one or more of the end products. In order to accomplish the 
optimization, the method employs an objective function such as the maximization of 
income in a situation wherein there are limitations on the inventory of raw 
materials and tools to be employed in the manufacturing process. Data describing 
elemental steps in the manufacturing process for the production of each end product, 
as well as the quantity or demand for each end product which is to be supplied, are' 
presented as a set of linear mathematical relat-.-innghipfl in matrix form to be 
inserted in a computer which determines the optimum number of each end product in 
accordance with an LP optimization algorithm. The matrix contains bill of material 
data, and various constraints such as a constraint on the sum of products shipped 
and used as subassemblies, and constraints based on inventory, on available time for 
use of resources such as tools, and on inventory left over from an early production 
run for a later run. 

US Patent No (1) : 
563Q 070 

Brief summary: Text (5) : 

One method of representing such allocation decision problems is known as a linear 
programming model. Such a model consists of a number of linear r-f>1 nngh-ip^ set 
forth in matrix format, and representing quantitatively the ral *t--i nn.Qh-ipg among 
allocations, constraints and results of an industrial or other technological 
process. In the linear relationships, there is provided the sum of constant 
coefficients multiplied by unknown allocation values. While many resource allocation 
problems are not represented by such linear relationships, but involve higher powers 
or other nonlinear expression of equation variables, the optimization of MRP 
processes has been treated by a linear model. Such modeling by linear programming 
(LP) is accomplished in multidimensional space with multidimensional vectors 
providing a multidimensional figure, or polytope, wherein each facet on a surface 
thereof is bounded by equations defining relationships among allocated inputs to the 
industrial process. An optimum solution to the LP problem has been obtained by use 
of the Simplex algorithm developed by George Dantzig in 1947, by way of example, or 
by the more recent Karmarkar algorithm, as disclosed in U.S. Pat. No. 4 924 386 of 
Freedman et al. ' 

Brief Summary TWt- (15) : 

In accordance with the invention, data describing elemental steps in the 
manufacturing process for the production of each end product, as well as the 
quantity or demand for each end product which is to be supplied, are presented as a 
set of linear mathematical relationships in matrix form to be inserted in a computer 
which determines the optimum number of each end product in accordance with an LP 
optimization algorithm such as the aforementioned Simplex, as implemented by 
well-known commercially available OSL or MPSX programs in the practice of a 
preferred embodiment of the invention, or by the aforementioned Karmarkar algorithm. 
The results of the optimization are then incorporated with other manufacturing data 
generally found in an MRP to enable a manufacturer to determine an optimal shipping 
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schedule, the cftesponding production scheduled well as a part usage schedule. 
Detai led DeKrrript-irm tpyi- (29) : 

^nrf,1r.J«°i-h^ S ° f ^ onst 5 ain ts describe the set of all possible combinations of 
products that can be made with the available ingredients. Note that these 
constraints permit combinations that are inconsistent with the product demand For 
example, the point x.sub.l =12, x.sub.2 =12, x.sub.3 =0, x.subi =0, x sub 5 =0 

X.SUb.6 =0, X.SUb.7 =0, X.SUb.8 =0, X.SUb.9 =0, X. SUb. 10 =0, Which rnr^^nrl. fc Q 

anfnone'of SI%?T le -? ™ d 12 ° meletS that are u ^'iJ tS c£ee^fomet ets 

2 ?°f° f the othe f" ltems « satisfies all of the material availability constraints 

SSv J ?K*SS?S X n5 y ?o nS o ra ^^-n Howeve f' . since the demand for cheeL omelets is 
only 4, the point (12, 12, 0,0,0,0,0,0,0,0) is not likely to represent a qood 
allocation of the available ingredients. p 90 

Detail eel DesnripMnn tp-v<- (59) • 

The A matrix has ten columns on the left part of the matrix for the ten components 
SaS^nSTS ?i. X a V et l° rt \ in the equation set (1), and nine columns orfthe 
right part of the matrix for the nine components of the variable s as set forth in 
i*%h^ 1 ^ Set V 3) * a ? d (4K The coefficients of the first eight rows are the same 
as the coefficients of the x components as set forth in the first eight lines of 
^^t° n T <^- The . ^efficients in the ninth row of the matrix coSLpoSd to the 

f^ 1S ° f fc ^ ninth 4 ne of the set (1) such that the coefficients of 

the first five columns in the ninth row of the matrix are the same as the five x 

SJSTSii of^h nint ? llne °fv, the e ^ ation set a nd the coefficient 3 ?he 

in 3L «Sr?<«f the ,. matrix I s the same as the coefficient of the sole s component 
X n™i 1 nth . line . of the equation set (1). The entries at the right side of the 
inequality signs in the nine lines of equation set (1) are found in the 
corresponding nine places of the b vector of FIG. 8. The next eight rows (row 10 
through row 17) of the A matrix have coefficients which are the lame as thl 
2rfi? ie !£f ° V* 6 x an ^ the . s ^ components set forth in the eight lines of equation 
set (3) . The entries at the right side of the inequality signs in the eight lines of 
^f?^% Se H <3) ^ fOUnd in - the corresponding eight places of the b vector In 

J fS 10 K' thS entries in ^he last nine rows of the A matrix and the last nine 
?if m ? ^ e A VeCt ° r corrftnpnnd to the entries in the nine lines of equation set 

ii^hJ 2 3 UPPer lGft ^ C ° rner ° f A gives the bil1 of "taterial, that is, 

if the row 1 corresponds to material i and the column j mrrp B p nnHc to the 
production of product j then aij (the entry in the ith row, jth column of A) is 
usage of material in i product j. The upper portion of the b vecto r nnr-°L?,L«t to 
to demlndf ltY ° f materials ' while the l™er Portion of the b vec^o^S^ 

Det-.ailpri rtPgfT-ip t-.-i rm T P vh (393) : 

Specifically, in Step 1, demand data, bill-of -material data, and inventory data are 
extracted from an MRP system or other manufacturing information system , 
bill -of -resource data and resource availability data are extracted from a CRP svstem 
? r °^ er manufa cturing information system, and cost and revenue data is extracted 

In°s t pS%Th Sy ^ em ' ?"5 CRP SySt6 ?' ° r S ° me ° ther "^ufacturing information system. 
In Step 2, the Optimal Resource Allocation Procedure processes Shis data, formulates 

S^H?^ ? rogram ; inv ? kes ™ LP solver, extracts the optimal values of tne™P 
l^l^t 'r tr ^ lateS thSSe ValueS in to a shipment schedule and a production 
-5 SiL Edition, the -dual variable- are also extracted from the LP solver, 
and those corresponding to material availability constraints and capacity 
availability constraints are sorted in decreasing order. Amono this set the 
constraint with the largest dual variable enrresgnnrts to a capacity or material and 
a time period such that obtaining more of that capacity or resource in Sat lime 
period will have the greatest impact on total profit. A list of pairs (Serial or 
report^'. ^ ^ m ° St P° tential f °r impacting profit til 

Detail ed Description T P vh (395) : 

Specifically, in Step 1, demand data, bill-of -material data, and inventory data are 
extracted from MRP system or other manufacturing information system, 
bill-of-resource data and resource availability data are extracted from a CRP svstem 
° r 0t ? er ^" ufa cturing information system, and cost and revenue data is extracted 
from the MRP system, the CRP system, or some other manufacturing inf ormatS system 
SSrS^H^r h S ? xtracted for ° n - hana an ° firm order inventor? only. The SeS 
data is adjusted, if necessary, to reflect potential demand for each of the possible 
end products. The holding cost of each material in the final perio 5 is set to the 
value of that material; all other cost and revenue data is eliminated In Step 2 



2 of 4 



10/19/03 2:52 



the Optimal Rescfte Allocation Procedure process^ this data and formulates the 
Linear Program. The then LP solver is invoked, and the optimal valueTof the S 
^h 1 ? ^ S ex *5 acted ^ translated into a shipment schedule and I production 
schedule Since the only coefficients in the objective function are holding cos?s 
for inventory an the final period, production and shipment schedule^ ° L ? an 
allocation of resources that minimizes the value of the final invent ory; 

CLAIMS : 

8. A method according to claim 7 wherein said manufacture is accomplished with the 
use of a set of resources, each resource of said set of resources being available 
for a predetermined amount of time, the method further comprising 9 aVailable 

adSS^n^ n L^, diti ° nal ^source-constraint rows in said matrix and corresponding 
additional resource-constraint locations in said vector; wpuuu.i.iig 

for each of the products employing, in its manufacture, one of said resources 

E B fL t Z r ?° r 6aCh , Pr ° d S Ct ° f Said ° ne source, and sJtt?ng forth a 
Ss1u~ g rtL h e,^aiTto^ 

SitSSTSSS of saiTve^tor^ ^ ^ * the «^~5 SsS 

n2; * method according to claim 1 wherein said manufacture is accomplished with the 
use of a set of resources, each resource of said set of resources being available 
for a predetermined amount of time, the method further comprising available 

establishing additional resource -constraint rows in said matrix and corresnondina 
additional resource-constraint locations in said vector; CriX ana corresponding 

for each of the products employing, in its manufacture, one of said resources 
r°? a ^ c ^ TnlVtr? f ° r each P rod - ct ° f Said one -source, anfset ng rth a 

cSnstSrTocSn ol ST^tST ^ ^ ^ ^ *" «^~S -source 

f?i"«^I? ?th0d * f0r fc ina ^ e f ial constrained production planning whereby a feasible 
•i 1 ^. 10n ° f J**" 1 * 1 to ^mand for maximization of profit is determined to obtain 
an optimum production quantity for each of said product types, the material 
accor^nL CO TH nentS 3 P luralit V of manufacturing procedures con3uc?ed in 
o^antftv t-hf L a h manUfaCtUring inform ation system for said optimum production 
quantity, the method comprising steps of: ^ 

revInuelatSr^ bill " of " resource data, resource availability data, cost and 

£ t XS£Svf ones d o? r saff procedurS; 1 ^^ 9 ** antitieS ° f components to be employed 

providing an inventory of said components from said data, and placing each tvne of 
component of the inventory in a separate location of a vector; ^ 

arranging said products as variables in respective product columns of a matrix 
having rows and columns wherein individual ones of the rows arTSserviTfS 
respective components of the products, there being a plurality of product columns 
with a separate column for each product type; y proauct columns 

^™ii S l? in9 a mate f ial constraint for the set of components of the respective 
component rows by, in each of the component rows, multiplying the producJvariable 
oroduc? C Jiir«^S 0ef fiCientS designating the amount of each component in ?h 
?SS2it e ?Se1n t Se C ^^ t ^ CO " e ^ing to the locatio/of an amount of 

via a plurality of production constraints for said products, constraining shipments 
of respective ones of said product types minus the quantity of each of th e SnipmentS 

SySEt'SS? in^venS^ <° * ^ ~ ^ *> * ^itj^ each of 
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placing said prWction constraints of said prodft types in respective ones of 
additional rows of the matrix with shipments being located in separate shipment 
columns of the matrix and said product types being located in the respective product 
columns there being a separate row for each product type having a nonzero shipment 
the quantities of the product types in inventory being entered at locations of said 
vector corresponding to the matrix row having the production constraints; 

via a plurality of demand constraints for said products, constraining shipments of 
respective ones of said product types to be less than or equal to a demand for the 
respective product types; 

placing said demand constraints of said products in separate additional rows of said 
matrix with shipments being located in respective ones of said shipment columns of 
the matrix the demands for said product types being located in separate locations 
of said vector corresponding to the respective rows of the demand constraints; 

wherein said manufacture is accomplished with the use of a set of resources, each 
resource of said set of resources being available for a predetermined amount of 
time, the method further comprising 

establishing additional resource -constraint rows in said matrix and corresponding 
additional resource -constraint locations in said vector; 

for each of the products employing, in its manufacture, one of said resources, 
totaling the usage time for each product of said one resource, and setting forth a 
relrit-innRnip in the matrix row of said one resource providing for said totaling of 
resource usage time, said totaling of resource usage time being less than or equal 
to a maximum amount of resource usage time set forth in the corresponding resource 
constraint location of said vector; 

applying a linear programming optimization to said matrix and said vector in 
accordance with an objective function to obtain said optimum production quantity for 
each of said product types to maximize profit; 

providing a shipment schedule and a production schedule; and 

inserting the shipment schedule and the production schedule into said manufacturing 
p?odSHon n quSt!ty * manufacture of each of said P r ° d ^t types in said optimum* 
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DOCUMENT- IDENTIFIER: US 5630070 A 

TITLE: Optimization of manufacturing resource planning 

US Patent: No. (1) : 

Detailed npsrHpfinn TPYh (8) : 

In the ensuing description of the preparation of food products by the restaurant, 
tabulated data for the various forms of the omelets and the sandwiches will be 
presented in a set of tables wherein Table 1 presents the cost or selling price for 
each food item output ted by the manufacturing process, as well as recipes for each 
food item. The recipes are set forth in a format analogous to a manufacturing 
process employing raw materials plus previously completed subassemblies. For 
example, the vegetable omelet is described as being composed of raw materials, 
namely two ounces of mushrooms and two ounces of green peppers, plus a single 
subassembly, namely one plain omelet. To calculate the total amount of raw materials 
consumed in the production of the vegetable omelet, one must consider both the raw 
materials listed in the recipe plus the raw materials employed in producing the 
subassembly of the plain omelet; this gives two ounces of mushrooms, two ounces of 
green peppers, three eggs, and one teaspoon of butter. Such a break-out of the 
amounts of all of the raw materials employed in production of an end product, often 
referred to as an explosion in the language of MRP, is employed in listing the total 
amount of each ingredient, or raw material, as will be described with reference to 
Tahl e 4, to meet the demands by customers for various food products as set forth in 
Table 2. 

Detailed Dpsrri phi nn Tpyf (9) : 

For example, Table 2 shows that the customers have ordered six of the vegetable 
omelets. Accordingly, the foregoing quantities of each of the four ingredients of 
the vegetable omelet would be multiplied by six to obtain the total amount of raw 
materials employed in meeting the customer demand for vegetable omelet. Similar 
calculations would be employed for each of the other food products, and the results 
are to be summed together to give a grand total of the quantities of the raw 
materials of all the demanded food products. In the event that the restaurant has a 
cheese sandwich left over from a previous production run, which sandwich is to be 
used to meet the present customer demand, then the total amount of raw materials 
required for the present production run can be reduced by the amount in the 
left-over cheese sandwich. Similarly, if there were left-over plain sandwiches (just 
two slices of bread per sandwich) , the amount of bread required to meet the customer 
demand would be reduced by the amount of bread in the plain sandwiches. Tabl p 3 
lists the inventory available to the cook at the beginning of the production run. As 
will be seen in the following example, there is an insufficiency, or shortage, for 
each ingredient except for mushrooms wherein there is an excess, as indicated in 
Table 5. Note that, in Table 5, the amount of the shortage of mushrooms is shown as 
zero to avoid the appearance of negative amounts in the ensuing mathematical 
explanation. The example of the restaurant is as follows. 

Detailed Description Text (10) : 

In order to illustrate the differences between standard MRP and constrained 
production planning, there is provided the following relatively simple example. A 
cook makes 2 types of foods, omelets and sandwiches. He makes 5 types of omelets and 
5 types of sandwiches, using a total of 7 ingredients (eggs, bread, butter, ham, 
cheese, peppers and mushrooms) . He has a set of customer orders for his omelets and 
sandwiches and a fixed set of ingredients on hand. The receipts, and the selling 
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price of his proOTcts are shown in Tahl ft 1. 



Detailed Dpsrripi-inn Text (12) : 

Tahl p. 2 gives demand, Tahlp 3 gives inventory. Note that the cook has some finished 
goods inventory (1 cheese sandwich) and some subassembly inventory (3 plain 
sandwiches) . Tahlp 4 gives the total requirements for the raw ingredients 
(subassembly and finished goods stock are netted) . Table 5 gives the net 
requirements for the raw ingredients. The information in Tahlf* 5 is the usual output 
of MRP. It tells the manufacturer what additional materials are required in order to 
meet the end product demand. 

Detailed Description Text (26) : 

Equation set (1) has nine lines corresponding to the nine constraints. The variables 
to the left of the inequality sign are arranged so that variables representing the 
same food product in a plurality of the lines appear in the same column. The column 
of variables to the right of the inequality signs are recognized as being the 
inventory of Tahlp 3. The first seven lines relate to the seven raw food ingredients 
of the inventory, and the last two lines relate to the two subassemblies (plain 
omelet and plain sandwich) of the inventory. In the first ten columns of variables 
from the left, each column represents a specific one of the food products to be 
manufactured as listed in Tabl e> 1. Also, the first seven row elements of each 
column, presents the ingredients, exclusive of any required subassembly, for 
producing the food product. The coefficient for each variable designates the 
quantity of the food product to be employed in accordance with the recipes of Tahl p. 
1. The first column of variables at the left side of the equation set discloses, in 
its first seven row elements, the amount of eggs and butter to be employed in making 
a single plain omelet. The second column of variables from the left discloses, in 
its first seven row elements, the amount of cheese to produce a single cheese 
omelet. In similar fashion, the remaining ones of the first ten columns from the 
left, in their respective first seven row elements, disclose ingredients for the 
remaining food products of Tahl ft 1. 

nptailpd Dpflrnpfinn Text (28) : 

With respect to equation set (2) , it is noted that in the production of any one of 
the foregoing ten food products of TahiP i, the number produced cannot be less than 
zero. This presents a set of non- negativity constraints for production of the food 
products which are set forth in equation set 2. The variables representing the 
respective food products are set forth individually in separate lines of the 
equation set, and are arranged in columnar form corresponding to the columns of 
equation set 1. ##STR1## 

Detailed Description Text (61) : 

wherein the coefficients of the s components are the prices of the various food 
products as set forth in_Table. 1. We let c denote the vector (2, 3, 3.5, 4, 2.75, 
1.5, 2.5, 3, 3.5) wherein the vector components are the set of prices. The problem 
of determining the revenue maximizing production and shipment schedule then becomes 
a maximizing of the dot product, namely, ##EQU4## 

^ailprf DPflrHpf inn Paragraph Table (1) : 

tart.tc 1 Plain omelet $2.00 Plain sandwich 

$1.00 3 eggs 2 slices bread 1 tsp butter Cheese omelet $3.00 Cheese sandwich $1.50 1 
plain omelet 1 plain sandwich 3 oz. cheese 3 oz. cheese Ham omelet $3.50 Ham 
sandwich $2.50 1 plain omelet 1 plain sandwich 3 oz. ham 3 oz. ham Ham & Cheese 
$4.00 Ham & cheese $2.50 omelet sandwich 1 plain omelet 1 plain sandwich 2 oz. 
cheese 2 oz . ham 2 oz. ham 2 oz . cheese Vegetable omelet $2.75 Ham & egg sandwich 
$3.50 1 plain omelet 1 plain sandwich 2 oz . mushrooms 1 egg 2 oz. green pepper 1 oz. 
ham 

retailed Descr-i pt i nn Paragr aph Table (2) : 

tarle 2 Demand 

Plain omelet 2 Cheese omelet 4 Ham omelet 5 

Ham & cheese omelet 2 Vegetable omelet 6 Plain sandwich 0 Cheese sandwich 4 Ham 
sandwich 3 Ham & cheese sandwich 5 Ham & egg sandwich 4 



Dfitailpd np.gr-HpMrm Paragraph Table (3) : 

table 3 Inventory 

Plain sandwich 3 Green pepper 10 oz. Mushroom 
14 oz. Butter 15 oz . Eggs 40 Ham 30 oz. Cheese 30 oz . Bread 2 0 slices Cheese 
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sandwich 1 



n^ailpH Descr-i prion Paragraph Table (4) : 

TARTiE 4 Total Requirements for raw 

ingredients Green pepper 12 oz. Mushroom 10 

oz. Butter 19 tsp. Eggs 61 Ham 42 oz . Cheese 35 oz. net 35 (1 cheese sand, invent.) 
Bread 24 slices - 24 (net 3 plain sand, invent.) 



n^t-a-Mpri De^cri prion Paragraph Table (5) : 

tart.e 5 Net Requirements (shortages) 

Green pepper 2 oz. Mushrooms 0 (excess 
inventory) Butter 4 tsp. Eggs 21 Ham 12 oz . Cheese 5 oz . Bread 4 slices 



3 of 3 



10/19/03 2:50 P^ 



y En 




^ k End of Result Set 



□ 



Generate Collection 



L15: Entry 5 of 5 File: DWPI 

DE RWENT - AC C - NO : 1976-A8720X 
DERWENT - WEEK : 197604 

COPYRIGHT 2003 DERWENT INFORMATION LTD 
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PATENT -ASSIGNEE : TOKYO SHIBAURA ELECTRIC CO (TOKE) 
PRIORITY-DATA: 1973 JP-0044833 (April 20, 1973) 



Jan 13, 1976 



compares number of pulses 



PATENT -FAMILY: 
PUB -NO 

US 3932723 A 
CA 1036227 A 



PUB -DATE 

January 13, 1976 
August 8, 1978 



LANGUAGE 



PAGES 

000 

000 



MAIN- IPC 



INT-CL (IPC) : H05B 9/06 

ABSTRACTED -PUB -NO: US 3932723A 
BASIC-ABSTRACT : 

The electronic range is provided with a high frequency generator, and has a device 
including quantity setting switches for setting a value representing the quantity of 
food being cooked , a device for indicating the set value in the form of dioits a 
pulse generator having a Lime, constant circuit and a device including kind sett ina 
switching means for varying the time constant of the time constant circuit in 
accordance with the kind of_£ood. A counter adds the number of pulses generated from 
the pulse generator upon the commencement of heating; and a control device brings 
the operation of the high frequency generator to an end when a prescribed 
re l ationship arises between the counts made by the counter and the set value. 

ABSTRACTED -PUB -NO: US 3932723A 
EQUIVALENT -ABSTRACTS : 



DERWENT -CLASS: X25 X26 
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L15: Entry 5 of 5 File: DWPI j an 13, 1976 

DERWENT - ACC -NO: 1976-A8720X 
DERWENT -WEEK: 197604 

COPYRIGHT 2003 DERWENT INFORMATION LTD 

TITLE: Electronic cooker with automatic digital timer - compares number of pulses 
from variable period pulse generator with set value 

Basic Abstract- T Py h (i) . 

The electronic range is provided with a high frequency generator, and has a device 
including quantify setting switches for setting a value representing the ™*^M- Y rvF 
food nemg conkeri , a device for indicating the set value in the form of digits a 
pulse generator having a Lime, constant circuit and a device including kind setting 
switching means for varying the time constant of the t-im P constant circuit in 
accordance with the kind of £ood. A counter adds the number of pulses generated from 
the pulse generator upon the commencement of heating; and a control device brings 
the operation of the high frequency generator to an end when a prescribed 
re l ationship arises between the counts made by the counter and the set value. 

PF Publication Date (1) : 
19760111 

PF Pnhl n raMon nal-P (2) : 
19780808 
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COPYRIGHT 2003 DERWENT INFORMATION LTD 

TITLE: Controlling operation of cooking appts. - computing value corresp. to thermal 
capacity of food in appts. from detected temp, and elapsed period 

INVENTOR: MIYAKE, K 

PATENT -ASSIGNEE: MIWA Y (MIWAI) , TOSHIBA HEATING APPLIANC (TOSHN) , TOSHIBA KK (TOKE) 
PRIORITY-DATA: 1986JP-0108338 (May 12, 1986) 



PATENT -FAMILY: 
PUB -NO 

GB 2191024 A . 
GB 2191024 B 
US 4818547 A 



PUB -DATE 

December 2, 1987 
May 2, 1990 
April 4, 1989 



LANGUAGE 



PAGES 
010 
000 
011 



MAIN- IPC 



APPLICATION - DATA : 
PUB-NO 
GB 2191024A 
US 4818547A 



APPL-DATE 
May 7, 1987 
May 12, 1987 



APPL-NO 

1987GB-0010844 

1987US-0048937 



DESCRIPTOR 



INT-CL (IPC): A23L 1/01; A47J 27/00; H05B 1/02 

ABSTRACTED- PUB -NO: GB 2191024A 
BASIC -ABSTRACT : 

The operating method comprises the steps of heating a quantity of food material (19) 
to a prescribed set temperature (Q) in the cooking apparatus (10) . The heating is 
stopped for a first predetermined period (T2) to allow the food material (19) to 
lose heat. Heat is applied to the food material (19) for a second prescribed period 
(T3) and the actual temperature (R) of the food material is detected. 

The time period (T4) elapsed until the actual temperature is detected is measured 
and a value corresponding to the thermal capacity of the food material in the 
cooking apparatus is computed from the detected temperature (R) and the elapsed time 
period (T4) . The temperature of the food material in the cooking apparatus is raised 
to a prescribed cooking temperature for a period (T5) corresponding to the computed 
value . 

USE/ADVANTAGE - Rice and water, soyabeans and water. Cooking time can be more 
accurately determined. 

ABSTRACTED- PUB -NO: GB 2191024B 
EQUIVALENT-ABSTRACTS : 

The operating method comprises the steps of heating a quantity of food material (19) 
to a prescribed set temperature (Q) in the cooking apparatus (10) . The heating is 
stopped for a first predetermined period (T2) to allow the food material (19) to 
lose heat. Heat is applied to the food material (19) for a second prescribed period 
(T3) and the actual temperature (R) of the food material is detected. 
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The time period elapsed until the actual temperature is detected is measured 

and a value corresponding to the thermal capacity of the food material in the 
cooking apparatus is computed from the detected temperature (R) and the elapsed time 
period (T4) . The temperature of the food material in the cooking apparatus is raised 
to a prescribed cooking temperature for a period (T5) corresponding to the computed 
value. 

USE/ ADVANTAGE - Rice and water, soyabeans and water. Cooking time can be more 
accurately determined. 



US 4818547A 



The food measuring method includes the steps of heating a qnant-iry of food material 
to a prescribed set temperature in the cooking apparatus, stopping the heating for a 
predetermined period for radiating heat from the food material, applying heat to the 
food material for a prescribed period. The actual temperature of the food material, 
is detected. A value corresponding to the thermal capacity of the material in the 
cook i ng apparatus is computed from the detected temperature and the elapsed time. 

A cooking operation is started in the cooking apparatus at a time corresponding to 
the computed value. 

USE - Soybeam cooking, (llpp)c 

CHOSEN-DRAWING: Dwg.l/8 Dwg.l/8 

DERWENT- CLASS : P28 X25 X27 
EPI-CODES: X25-B04; X27-C04; 
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DERWENT - WEE K : 198748 

COPYRIGHT 2003 DERWENT INFORMATION LTD 

TITLE: Controlling operation of cooking appts. - computing value corresp. 
capacity of food in appts. from detected temp, and elapsed period 

PF Publication Date (1) : 
19871202 

PF Publication Date (2) : 

1 



to thermal 



PF Pnhl-iraMrm DahP (3) : 
19B90404 

Equivalent Ahsfrart TPvh (4) : 

The food measuring method includes the steps of heating a gn*nt--ii-y nf fnnd material 
to a prescribed set temperature in the cooking apparatus, stopping the heating for a 
predetermined period for radiating heat from the food material, applying heat to the 
food material for a prescribed period. The actual temperature of the food material, 
is detected. A value corresponding to the thermal capacity of the material in the 
cooking apparatus is computed from the detected temperature and the elapsed_Jiime. 

Standard TiMp Tftrmg (l) : 

CONTROL OPERATE COOK APPARATUS COMPUTATION VALUE COPKFSPOMn THERMAL CAPACITY FOOD 
APPARATUS DETECT TEMPERATURE ELAPSED PERIOD 



lof 1 



10/19/03 2:34 



□ 



Generate Collection 



Print 



L15: Entry 3 of 5 File: JPAB Jun 28, 1983 

PUB-NO: JP358108337A 

DOCUMENT- IDENTIFIER: JP 58108337 A 
TITLE: HEAT COOKING DEVICE 

PUBN-DATE: June 28, 1983 

INVENTOR - INFORMATION : 

NAME COUNTRY 
ZUSHI, SADAO 

ASSIGNEE - INFORMATION : 

NAME COUNTRY 
TOSHIBA CORP 

APPL-NO: JP56208328 
APPL-DATE: December 23, 1981 

INT-CL (IPC): F24C 1/00; F24C 7/08 

ABSTRACT : 

PURPOSE: To improve the finishing of food and to stabilize automatic cooking by 
controlling the heating based on a heating time set in accordance with the weight of 
the food at a time point whereat the temperature of the food reaches a set 
temperature in an automatic electronic range. 

CONSTITUTION: A specified temperature Tho whereat the effect of the initial 
temperature of food is gone, and data on relations between the weight of each kind 
of food 7 and a time required for rooking the same, are stored in a control unit 9. 
After heat cooking is started, a temperature sensor 6 detects the temperature of 
heated food 7 and inputs the same in the control unit 9. At the time point whereat 
the detected temperature reaches the specified temperature Tho, the control unit 9 
sets a heating time T in accordance with the weight of the food detected by a weight 
sensor 8. Heating is stopped when this time T passes away. By this constitution, 
stable and excellent finishing can be obtained constantly irrespective of the 
gnani-ii-y of f nod and the initial temperature thereof. 

COPYRIGHT: (C) 1983 , JPO&Japio 
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LIS: Entry 3 of 5 



File: JPAB 



Jun 28, 1983 



DOCUMENT- IDENTIFIER: JP 58108337 A 
TITLE: HEAT COOKING DEVICE 



Ahsfrart- TPYf (2) : 

CONSTITUTION: A specified temperature Tho whereat the effect of the initial 
temperature of food is gone, and data on relations between the weight of each kind 
of food 7 and a time required for cooking the same, are stored in a control unit 9. 
After heat cooking is started, a temperature sensor 6 detects the temperature of 
heated food 7 and inputs the same in the control unit 9. At the time point whereat 
the detected temperature reaches the specified temperature Tho, the control unit 9 
sets a heating time T in accordance with the weight of the food detected by a weight 
sensor 8. Heating is stopped when this time T passes away. By this constitution, 
stable and excellent finishing can be obtained constantly irrespective of the 
quant i ty of food and the initial temperature thereof . 

Puhl i cation Date (1) : 
19B30fi2fl 
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LIS: Entry 2 of 5 File: JPAB Feb 26, 1990 

PUB-NO: JP402056889A 

DOCUMENT- IDENTIFIER: JP 02056889 A 

TITLE: HIGH-FREQUENCY GENERATOR FOR MICROWAVE OVEN 
PUBN-DATE: February 26, 1990 
INVENTOR- INFORMATION : 

NAME COUNTRY 
MATSUKURA, TOYOTSUGU 
SAWAE, TAKAO 

ASSIGNEE - INFORMATION : 

NAME COUNTRY 
MATSUSHITA ELECTRIC IND CO LTD 

APPL-NO: JP63208711 
APPL-DATE: August 23, 1988 

US -CL- CURRENT: 219/ 715 
INT-CL (IPC) : H05B 6/66 

ABSTRACT : 

PURPOSE: To uniformly rook thp fooH by making the accumulated gnant-i t-y of the 
product of the high-frequency output heating the food and the heating t-imp equal 
regardless of the commercial power frequency of 50Hz or 60Hz. 

CONSTITUTION: A microwave oven is constituted to have the rpl on.gh-i p P60=1.2xP50, 
where P50 is the high-frequency output for 50Hz and P60 is the high-frequency output 
for 60Hz when the primary voltage of a high-voltage transformer 13 is 100V. A time 
switch 17 driven by a synchronous type motor 16 as a timing device determining the 
heating time has the re.1 ati onflhip of T50=1.2xT60, where T50 is the limit time for 
50Hz and T60 is the limit time for 60Hz, because the rotating speed of the 
synchronous motor 16 has the proportional r^l at J ongh-ip to the frequency. The 
accumulated quantity of the product of the high-frequency output heating the food 
and the heating time for 50Hz and the accumulated quant-ii-v of the product of the 
high-frequency output heating the food and the heating t-.-jmp for 60Hz are made equal, 
constant energy is applied to the food regardless of the commercial power frequency 
of 50 Hz or 60Hz, thus the food can be uniformly cooked. 

COPYRIGHT: (C) 1990 , JPO& Jap io 
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DOCUMENT- IDENTIFIER: JP 02056889 A 

TITLE: HIGH-FREQUENCY GENERATOR FOR MICROWAVE OVEN 



Abstract Text (1) : 

PURPOSE: To uniformly cook the food by making the accumulated gnani-ii-y of the 
product of the high-frequency output heating the fnnd and the heating i-imp equal 
regardless of the commercial power frequency of 50Hz or 60Hz. 

Abstract Text (2) : 

CONSTITUTION: A microwave oven is constituted to have the rftlafinnffh-ip P60=1.2xP50, 
where P50 is the high-frequency output for 50Hz and P60 is the high-frequency output 
for 60Hz when the primary voltage of a high-voltage transformer 13 is 100V. A time 
switch 17 driven by a synchronous type motor 16 as a timing device determining the 
heating time has the re.l a±J on.shi p of T50=1.2xT60, where T50 is the limit time for 
50Hz and T60 is the limit time for 60Hz, because the rotating speed of the 
synchronous motor 16 has the proportional r^l ai-i rm«h-ip to the frequency. The 
accumulated quantity of the product of the high-frequency output heating the fnnrf 
and the heating time for 50Hz and the accumulate d quantity of the product of the 
high-frequency output heating the food and the heating iHmp for 60Hz are made equal, 
constant energy is applied to the food regardless of the commercial power frequency 
of 50Hz or 60Hz, thus the food can be uniformly cooked. 

Publication Date. (1) : 
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L15: Entry 1 of 5 File: JPAB Nov 10, 1995 

PUB-NO: JP407296071A 

DOCUMENT- IDENTIFIER: JP 07296071 A 
TITLE: MENU MANAGEMENT DEVICE 

PUBN-DATE: November 10, 1995 

INVENTOR- INFORMATION : 

NAME COUNTRY 
MIYAZAKI, TAKESHI 

ASSIGNEE- INFORMATION : 

NAME COUNTRY 
FUJITSU F I P KK 

APPL-NO: JP06089288 
APPL-DATE: April 27, 1994 

INT-CL (IPC) : GO£ Z 1Z/££L 

ABSTRACT : 

PURPOSE: To realize series of flow concerning the preparation of a scheduled menu, 
the calculation of component values and the calculation of ordering quantity of food 
in short time and by correct and simple operation, in a menu management device 
preparing a menu. 

CONSTITUTION: The device is provided with a scheduled menu DB6, a dish changing 
picture 14, a dish retrieving picture 15 and a processing part 12 taking out the 
dish of a menu on a change- instructed day, etc., from the scheduled menu DB6 so as 
to display them on the dish changing picture 14, taking out the list of a dish 
matching with a retrieving condition by retrieving a dish DB3 in co r r ft spondence to 
the instruction of a dish to change and the input of the retrievzing condition of a 
dish after change from on he dish changing picture 14 so as to display it on a dish 
retrieving picture 15, and replacing the change -instructed dish with the dish after 
change in cxirreapondencfi to the instruction of the dish after change on the dish 
retrieving picture 15 so as to store it in the sheduled menu DB6. 

COPYRIGHT : ( C ) 1 9 95 , JPO 
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DOCUMENT- IDENTIFIER: JP 07296071 A 
TITLE: MENU MANAGEMENT DEVICE 



Abstract Text. (1) : 

PURPOSE: To realize series of flow concerning the preparation of a scheduled menu, 
the calculation of component values and the calculation of ordering quantity of food 
in short i-imp and by correct and simple operation, in a menu management device 
preparing a menu. 

AhRfrart Tftxt (2) : 

CONSTITUTION: The device is provided with a scheduled menu DBS, a dish changing 
picture 14, a dish retrieving picture 15 and a processing part 12 taking out the 
dish of a menu on a change -instructed day, etc., from the scheduled menu DB6 so as 
to display them on the dish changing picture 14, taking out the list of a dish 
matching with a retrieving condition by retrieving a dish DB3 in correspondence, to 
the instruction of a dish to change and the input of the retrievzing condition of a 
dish after change from on he dish changing picture 14 so as to display it on a dish 
retrieving picture 15, and replacing the change -instructed dish with the dish after 
change in rnrrespnndence to the instruction of the dish after change on the dish 
retrieving picture 15 so as to store it in the sheduled menu DB6. 

Publication Date (1) : 

19951110 
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PUB-NO: JP406259662A 

DOCUMENT -IDENTIFIER: JP 06259662 A 
TITLE: RECEIPT ISSUE DEVICE 

PUBN-DATE: September 16, 1994 

INVENTOR - INFORMATION : 



OLYMPUS OPTICAL CO LTD 



APPL-NO: JP05046763 
APPL-DATE: March 8, 1993 

INT-CL (IPC): G07G 1/12; G06F 15/20; G06F 15/21 
ABSTRACT : 

PURPOSE: To provide the receipt issue device which improves the service for 
customers by providing a sales cooking input means, a cooking retrieval means, and a 
receipt print means. 

CONSTITUTION: A nutrition calculating part 3 uses a fonH component tahlf* 2 to 
calculate the nutrition quantify in accordant w-ii-h fnnH components constituting 
cooking, and a cooking register part 4 registers the cooking ID, the cooking name, 
contents, and the nutrition quantity in a cooking tahlp 5. A sales ronki ng input 
part 6 is used to input cooking sold to each customer at the't±me of issuing a 
receipt, and a subtotal /grand total calculating part 7 uses a cnnking hahip 5 to 
calculates the amount of money for cooking sold to the customer and the grand total 
of nutrition quantity. A receipt issue part 8 issues the receipt to show the 
contents of sold cooking the amount of money, and the nutrition quantity to the 
customer and prints them on a receipt 9A. Thus, the receipt 9A where required 
information related to the nutrition quantity based on sold cooking is shown for 
each customer is issued. 

COPYRIGHT: (C) 1994 , JPO&Japio 
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DOCUMENT- IDENTIFIER: JP 06259662 A 
TITLE: RECEIPT ISSUE DEVICE 



Sep 16, 1994 



Abstract Text (2) : 

CONSTITUTION: A nutrition calculating part 3 uses a fnori component tahl^ 2 to 
calculate the nutrition quantity i n accordance with fonri components constituting 
cooking, and a cooking register part 4 registers the cooking ID, the cooking name, 
contents, and the nutrition quantity in a cooking table 5. A sales mniring input 
part 6 is used to input cooking sold to each customer at the t-inu* of issuing a 
receipt, and a subtotal /grand total calculating part 7 uses a cnokiTig ^hip 5 to 
calculates the amount of money for cooking sold to the customer and the grand total 
of nutrition quantity. A receipt issue part 8 issues the receipt to show the 
contents of sold cooking the amount of money, and the nutrition quantity to the 
customer and prints them on a receipt 9A. Thus, the receipt 9A where required 
information related to the nutrition quantity based on sold cooking is shown for 
each customer is issued. 
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DOCUMENT- IDENTIFIER: JP 06259662 A 
TITLE: RECEIPT ISSUE DEVICE 

PUBN - DATE : September 16, 1994 

INVENTOR- INFORMATION : 

NAME COUNTRY 
KIMURA, MAS AH IDE 

AS S I GNEE - I NFORMAT I ON : 
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OLYMPUS OPTICAL CO LTD 



APPL-NO: JP05046763 
APPL-DATE: March 8, 1993 

INT-CL (IPC): G07G 1/12; G06F 15/20; G06F 15/21 
ABSTRACT : 

PURPOSE: To provide the receipt issue device which improves the service for 
customers by providing a sales cooking input means, a cooking retrieval means, and a 
receipt print means. 

CONSTITUTION: A nutrition calculating part 3 uses a food component table 2 to 
calculate the nutrition quantity in accordance with food components constituting 
cooking, and a cooking register part 4 registers the cooking ID, the cooking name, 
contents, and the nutrition quantity in a cooking table 5. A sales cooking input 
part 6 is used to input cooking sold to each customer at the time of issuing a 
receipt, and a subtotal/grand total calculating part 7 uses a cooking table 5 to 
calculates the amount of money for cooking sold to the customer and the grand total 
of nutrition quantity. A receipt issue part 8 issues the receipt to show the 
contents- of sold cooking the amount of money, and the nutrition quantity to the 
customer and prints them on a receipt 9A. Thus, the receipt 9A where required 
information related to the nutrition quantity based on sold cooking is shown for 
each customer is issued. 
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End of Result Set 

Cvvvvvvvvwvvvw»vvvvvyvvvvvvvvvvvv^ avmvvnwnw: 
Generate Collection | j Print \ 



L5: Entry 1 of 1 File: USPT May 13, 1997 



DOCUMENT- IDENTIFIER: US 563 0070 A 

TITLE: Optimization of manufacturing resource planning 
Abstract Text (1) : 

A method for constrained material requirements planning, optimal resource 
allocation, and production planning provides for an optimization of a manufacturing 
process by designating the amounts of various manufactured products to be produced, 
which products include both end products as well as subassemblies to be employed in 
the manufacture of one or more of the end products. In order to accomplish the 
optimization, the method employs an objective function such as the maximization of 
income in a situation wherein there are limitations on the inventory of raw 
materials and tools to be employed in the manufacturing process. Data describing 
elemental steps in the manufacturing process for the production of each end product, 
as well as the quantity or demand for each end product which is to be supplied, are 
presented as a set of linear mathematical relationships in matrix form to be 
inserted in a computer which determines the optimum number of each end product in 
accordance with an LP optimization algorithm. The matrix contains bill of material 
data, and various constraints such as a constraint on the sum of products shipped 
and used as subassemblies, and constraints based on inventory, on available time for 
use of resources such as tools, and on inventory left over from an early production 
run for a later run. 

US Patent No. (1) : 
5630070 

Brief Summary Text (3 ) : 

A need for resource allocation decisions arises in a broad range of technological 
and industrial areas such as the assignment of transmission facilities in telephone 
transmission systems, the control of the product mix of a factory, the deployment of 
industrial equipment, and inventory control, by way of example. Resource allocation 
in this context means, in general, the deployment of specific technological or 
industrial resource for the production of particular technological or industrial 
results . 

Brief Summary Text (8) : 

Presently available MIS is directed primarily to data management systems. Most 
important manufacturing decisions (for example, what to make, how much to make, when 
and where to make it) are ultimately made by humans rather than by an MIS . 
Typically, a manufacturer uses intuition and experience together with knowledge 
about manufacturing capacity and market demand to determine an initial production 
plan. Then the manager would run MRP and/or CRP to produce reports describing 
inconsistencies between a production plan and availability of a resource. This would 
be followed, possibly, by a revision of the production plan with a rerun of the MRP 
and the CRP. This is time consuming, and the reports are difficult to interpret for 
purposes of revising a production plan so as to alleviate a shortage of a particular 
material employed in the production process. An attempt to run an infeasible 
production plan can result in missed customer shipments, excess raw material 
inventory, long cycle times, production bottlenecks, poorly utilized capacity, and 
idle workers. Even when the production plan is feasible, the manufacturer must deal 
with the lengthy process of manually revising the production plan until receipt of a 
report from MRP and CRP indicating no shortages. The process can result in poor 
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resource allocation decisions, such as the allocation of scarce resources to low 
profit products. 

Brief Summary Text (9) : 

The limitations of presently available MRP result in a common manufacturing problem 
which is a shortage of raw material or subassemblies. For example, in the situation 
wherein a manufacturer has more orders than can be filled, the manufacturer would 
like to fill the orders in a manner which would maximize the profit, or which would 
minimize the inventory, or would meet some other goal. 

Brief Summary Text (11) : 

The aforementioned problem is overcome and other advantages are provided by a method 
which provides for constrained material requirements planning, optimal resource 
allocation, and production planning. In accordance with the invention, the 
optimization of a manufacturing process is accomplished by designating the amounts 
of various manufactured products to be produced, which products include both end 
products as well as subassemblies to be employed in the manufacture of one or more 
of the end products, so as to meet an objective function such as the maximization of 
income in a situation wherein there are limitations on the inventory of raw 
materials and tools to be employed in the manufacturing process. 

Brief Summary Text (13) : 

It has been the practice to establish a bill of materials (BOM) including materials 
such as the silicon, the etchants, the photoresists and the dopants which constitute 
an inventory of materials needed in the manufacturing process. It has also been the 
practice to establish a bill of resources (BOR) including resources such as the 
vacuum chambers, the ovens, the steppers, and the slicers which constitute an 
inventory of resources needed for the manufacturing process. In the event that there 
is adequate inventory of both materials and resources to provide as much of the end 
products as may be desired, it has been the practice to employ an MRP to check how 
much of each material and resource is required for a production run, thereby to 
insure that there is adequate inventory, and to facilitate reorder of materials and 
pricing of the end products. 

Brief Summary Text (14) : 

The invention is directed to the situation in which there is insufficient inventory 
of one or more of the materials, and possibly a lack of the requisite number of one 
or more of the resources, needed to accomplish the production run. In this 
situation, the constraints of inventory restrict the manufacturing process such that 
only a fraction of the desired numbers of the various end products can be produced. 
This forces the manufacturer to make a decision with respect to allocation of the 
available material and resources to provide the optimum number of each end product, 
with the optimization being done in accordance with some objective function. As an 
example of objective function, a manufacturer frequently selects maximization of 
income or profit as the basis for optimizing the manufacturing process under the 
constraint of insufficient inventory . Instead of performing the optimization by 
heuristic methods, as has been done in the past, the invention provides a method for 
definitively establishing, in a mathematical sense, the necessary amount of each of 
the end products to be produced to meet the objective function in the presence of 
t ^ ie inventory constraints. 

Brief Summary Text (16) : 

In accordance with a feature of the invention, the matrix contains: (1) BOM data in 
the situation wherein a lack of material inventory provides a constraint, (2) a 
statement in the form of a constraint for each end product that the sum of the 
quantity of an end product supplied plus the quantity of the end product employed as 
a s uba ^s - s ..e^mb ,lj>^c^:nnofeexc,ee,d^trhe\ guan t i ty__o.f t he end pr odu c t which may be available 
f r om ^^v^^ly^ p-lus---t fte^-^j^n^i.ty produced in the mafruf a c 1 1| r £ng|/p rocesil (3) a 
statement in the form of a constraint~~for each~^oducfc-r^rncluding— subassemblies , 
that the quantity of a product supplied cannot exceed the quantity of the product 
which may be available from inventory plus the quantity produced in the 
manufacturing process, (4) a statement in the form of a constraint for each product 
that the quantity of a product to be shipped cannot exceed the quantity which is 
desired, and (5) production of each product and shipment of each product cannot be 
less than zero. This matrix is referred to as the A matrix. Also, on the right hand 
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side of the A matrix is a vector, referred to as the b vector, containing data as to 
the amount of items, both end products and raw materials, in inventory plus the 
demand for each end product. The foregoing contents of the A matrix and the b vector 
reflect a simple situation wherein there are adequate resources so that there is no 
resource constraint. In the case wherein a lack of resources imposes a constraint, 
then there are additional statements including BOR data and constraints in the use 
of the resources, such as the amount of time available for use of a resource. 

Drawing Description Text (3) : 

FIG. 1 shows a simplified diagram of a manufacturing process producing semiconductor 
circuit products wherein a choice of the quantities of the various end products, 
based on constrains of available inventory of raw materials and available 
manufacturing tools, is to be made based on the procedures of the invention; 

Detailed Description Text (6) : 

The operation of the invention will be explained hereinafter by a mathematical 
description. However, in order to facilitate explanation of the invention, a 
manufacturing operation simpler than that of the foregoing semiconductor circuit 
fabrication will be presented. Accordingly, the ensuing description makes reference 
to a restaurant producing various forms of omelets and sandwiches from a limited 
inventory of raw ingredients consisting of peppers, mushrooms, butter, eggs, ham, 
cheese and bread. Also included in the inventory, by way of example, are a few plain 
sandwiches each of which consists of two slices of bread, and a single previously 
prepared cheese sandwich. The quantities of the various ingredients and the selling 
prices of the various products are presented in the following description. In order 
to make an analogy between the production of omelets and sandwiches with the 
foregoing manufacture of semiconductor circuits, it will be assumed that a plain 
omelet can be served directly to a customer, or that the plain omelet can serve as a 
subassembly in the production, or manufacture, of a more complex omelet, such as a 
cheese omelet wherein further preparation cooking time is employed to incorporate 
the cheese. Similar comments apply to other more complex types of omelets and to the 
various forms of sandwiches as will be described. 

Detailed Description Text (7) : 

Upon completion of the description of the preparation of the various omelets and the 
sandwiches, the description continues with the arrangement of the various raw 
materials plus inventory constraints, and other constraints of the invention, within 
a matrix format for insertion into a computer to perform LP optimization. The 
optimization attains the numbers, or quantities of the various omelets and 
sandwiches which meet an objective function, herein in this example, a maximization 
of income to the restaurant . Further examples are given to demonstrate constraints 
due to lack of a sufficient number of restaurant tools such as toasters and 
skillets, and also to demonstrate the procedure of the invention for the situation 
wherein the preparation of the food extends over two intervals of time, such as 
early and late lunch, wherein there may be a delivery of raw ingredients after the 
early lunch to supplement the inventory left over from the early lunch. This is then 
followed by the mathematical description. 

Detailed Description Text (9) : 

For example, Table 2 shows that the customers have ordered six of the vegetable 
omelets. Accordingly, the foregoing quantities of each of the four ingredients of 
the vegetable omelet would be multiplied by six to obtain the total amount of raw 
materials employed in meeting the customer demand for vegetable omelet. Similar 
calculations would be employed for each of the other food products, and the results 
are to be summed together to give a grand total of the quantities of the raw 
materials of all the demanded food products. In the event that the restaurant has a 
cheese sandwich left over from a previous production run, which sandwich is to be 
used to meet the present customer demand, then the total amount of raw materials 
required for the present production run can be reduced by the amount in the 
left-over cheese sandwich. Similarly, if there were left-over plain sandwiches (just 
two slices of bread per sandwich) , the amount of bread required to meet the customer 
demand would be reduced by the amount of bread in the plain sandwiches. Table 3 
lists the inventory available to the cook at the beginning of the production run. As 
will be seen in the following example, there is an insufficiency, or shortage, for 
each ingredient except for mushrooms wherein there is an excess, as indicated in 
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Table 5. Note that, in Table 5, the amount of the shortage of mushrooms is shown as 
zero to avoid the appearance of negative amounts in the ensuing mathematical 
explanation. The example of the restaurant is as follows. 

Detailed Description Text (12) : 

Table 2 gives demand, Table 3 gives inventory . Note that the cook has some finished 
goods inventory (1 cheese sandwich) and some subassembly inventory (3 plain 
sandwiches) . Table 4 gives the total requirements for the raw ingredients 
(subassembly and finished goods stock are netted) . Table 5 gives the net 
requirements for the raw ingredients. The information in Table 5 is the usual output 
of MRP . It tells the manufacturer what additional materials are required in order to 
meet the end product demand. 

Detailed Description Text (26) : 

Equation set (1) has nine lines corresponding to the nine constraints. The variables 
to the left of the inequality sign are arranged so that variables representing the 
same food product in a plurality of the lines appear in the same column. The column 
of variables to the right of the inequality signs are recognized as being the 
inventory of Table 3. The first seven lines relate to the seven raw food ingredients 
of the inventory, and the last two lines relate to the two subassemblies (plain 
omelet and plain sandwich) of the inventory . In the first ten columns of variables 
from the left, each column represents a specific one of the food products to be 
manufactured as listed in Table 1. Also, the first seven row elements of each 
column, presents the ingredients, exclusive of any required subassembly, for 
producing the food product. The coefficient for each variable designates the 
quantity of the food product to be employed in accordance with the recipes of Table 
1. The first column of variables at the left side of the equation set discloses, in 
its first seven row elements, the amount of eggs and butter to be employed in making 
a single plain omelet. The second column of variables from the left discloses, in 
its first seven row elements, the amount of cheese to produce a single cheese 
omelet. In similar fashion, the remaining ones of the first ten columns from the 
left, in their respective first seven row elements, disclose ingredients for the 
remaining food products of Table 1. 

Detailed Description Text (27) : 

The eighth row of equation set (1) deals with the constraint that the sum of all 
plain sandwiches employed in subassemblies minus the amount of plain sandwiches 
produced must not exceed inventory . The ninth row, which includes an entry (to be 
described hereinafter) in the eleventh column from the left, deals with the 
constraint that the sum of all plain omelets employed in subassemblies plus the 
amount of plain omelets eaten directly minus the amount of plain omelets produced 
must not exceed inventory . 

Detailed Description Text (42) : 

The material availability constraints for subassemblies that have demand (e.g., 
plain omelet) are altered to reflect the facts that the sum of the quantity that is 
served, plus the quantities that are used in other products, cannot exceed the 
quantity that is available from production and inventory . Thus the final equation of 
(1) is given by 

Detailed Description Text (43) : 

For each of the end products, we add constraints that say that the amount of the 
produced served cannot exceed the amount of the product available from production 
and inventory . 

Detailed Description Text (64) : 

Notice that this solution is feasible with respect to the inventory availability. 
That is, if we apply standard MRP logic to the shipment vector s, treating it as a 
demand, no material shortages result. 

Detailed Description Text (65) : 

In this particular case, translating the LP solution in to an actual production plan 
is quite easy. A total of 12 plain omelets are made; 4 are used for cheese omelets, 
1 is used for a ham omelet, 2 are used for ham and cheese omelets and 5 are used for 
vegetable omelets, all of which are served. No plain omelets are served. The cheese 
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sandwich from inventory is served. A total of 10 plain sandwiches are made. These, 
together with the three plain sandwiches in inventory are used to make 1 cheese 
sandwich, 3 ham sandwiches, 5 ham and cheese sandwiches, and 4 ham and egg 
sandwiches, all of which are served. 

Detailed Description Text (66) : 

Note that a total of 40 eggs are used (36 in omelets, and 4 in egg and ham 
sandwiches), 30 ounces of ham are used, 20 slices of bread plus 3 plain sandwiches 
are used, and 10 green peppers are used. There is no remaining inventory of these 
items. A total of 10 ounces of mushrooms are used, so 4 ounces remain, 12 teaspoons 
of butter are used, so 3 teaspoons remain, and 27 ounces of cheese are used, so 3 
ounces remain. This combination of omelets and sandwiches can be made from the 
available inventory ; furthermore no additional omelets or sandwiches can be made 
from the remaining inventory . The value of this allocation of resources is $75. 
There is no other combination of omelets and sandwiches which can be made from the 
available inventory and has a value higher than $75. 

Detailed Description Text (67) : 

In the foregoing example in the preparation of omelets and sandwiches, constraints 
were placed on inventory of food materials. The example is now extended to include a 
bill of resources wherein constraints are present also on availability of equipment 
used in preparation of the food products. Therefore, in addition to the materials 
(e.g., food) we now also consider the availability of two resources, skillets and a 
toaster . 

Detailed Description Text (81) : 

Extending the single period model to a multi -period model requires additional 
decision variables and constraints. These variables and constraints are used to keep 
track of the inventory (raw materials, subassemblies, and products) and the demand 
backlog that is carried from one period to the next. 

Detailed Description Text (96) : 

Let v.sub.6 =number of plain sandwiches held in inventory at the end of the early 
lunch period. 

Detailed Description Text (97) : 

Let v. sub. 7 =number of cheese sandwiches held in inventory at the end of the early 
lunch period 

Detailed Description Text (98) : 

Let v. sub. 8 =number of ham sandwiches held in inventory at the end of the early 
lunch period 

Detailed Description Text (99) : 

Let v. sub. 9 ^number of ham and cheese sandwiches held in inventory at the end of the 
early lunch period 

Detailed Description Text (100) : 

Let v. sub. 10 =number of ham and egg sandwiches held in inventory at the end of the 
early lunch period 

Detailed Description Text (101) : 

v. sub. 11 =number of slices of bread held in inventory at the end of early lunch 
period 

Detailed Description Text (102) : 

v. sub. 12 =amount of cheese held in inventory at the end of early lunch period 
Detailed Description Text (103) : 

v. sub. 13 =amount of ham held in inventory at the end of early lunch period 
Detailed Description Text (104) : 

v. sub. 14 =amount of eggs held in inventory at the end of early lunch period 



Detailed Description Text (115) 
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Notice that in the single period model the resource and material availability 
constraints were inequalities. In the multi-period model, it is necessary to track 
the carry-over of inventory from one period to the next. Inventory carried from one 
period to the next is exactly equal to the amount of material that was available at 
the beginning of the period, minus what is used during the period. 

Detailed Description Text (117) : 

Notice that in the material balance constants for the second period, the supply 
remaining at the end of the first period is included as additional material 
availability. Also, in this case, since there are only two periods, we do not 
require additional variables to track the inventory available at the end of the late 
period, and the material availability constraints are inequalities. We also include 
constraints on the inventory variables that specify that inventory must be 
non-negative . 

Detailed Description Text (142) : 

This concept of carrying inventory and backlog from one period into the next period 
can be extended to models with arbitrarily many periods. 

Detailed Description Text (143) : 

The objective function of the linear program can include any additional terms that 
are linear combinations of the model variables. For example, it can include a term 
representing the manufacturing cost of each of the products as a multiple of the 
appropriate production variables x, backlog cost, as multiples of the backlog 
variables b, holding costs, as multiples of the inventory variables v, etc. 

Detailed Description Text (149) : 

Require v.sub.jt for part number j if excess inventory of p/n j can be carried over 
from period t to period t + 1. 

Detailed Description Text (151): 

Require v . sub . j , t for part number j if excess inventory of p/n j can be scrapped at 
end of period t . 

Detailed Description Text (157) : 

b.sub.d,t for each demand d and each period t such that ##EQU10## 7. Define 
inventory balance constraints and right hand side. ##EQU11## for all parts j and all 
periods t-1. Here ##EQU12## is the total shipment of part number j in period t, to 
all of the demands d for this part number {d . epsilon. D . vert line . p (d) =j } . 

Detailed Description Text (177) : 

H.sub.j,t is the holding cost, or inventory carrying cost for p/n j in period t. 
Detailed Description Text (190) : 

Since both the inventory balance equations and the profit maximization objective 
function are linear (see formulation below) , it is not surprising or new to consider 
linear programming approaches to resource allocation problems. Several "textbook" 
formulations have been published. However, the inventory management literature 
cautions against the use of linear programming for resource planning because of the 
difficulty of accurately formulating the allocation problem for a multi-level 
assembly process, because of the size and complexity of the formulation for even 
simple single level assembly processes, and because of the difficulty of 
interpreting and implementing the solution of the linear program. Recent 
improvements in LP software packages and computing hardware have rendered the size 
considerations less forbidding; it is now possible to solve realistic problems in a 
reasonable amount of time. For example, on an RS/6000, the LP corresponding to a 
real production planning problem for 4 00 part numbers, 500 demands, and 26 weeks, 
can be solved in under 10 minutes cpu time. This invention addresses the remaining 
considerations: accurately formulating the allocation problem, and enabling 
effective use of the results by inventory managers. 

Detailed Description Text (242) : 

Similarly, the inventory balance constraints can be modified to consider the 
time-sensitive part or resource usage resulting from engineering and/or technology 
changes . 
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Detailed Description Text (248) : 

Additional manufacturing considerations, such as yield and fallout can easily be 
incorporated into the inventory balance constraints. We let . alpha . . sub . j be the 
manufacturing yield of p/n j . That is, for each unit of p/n j that is useable for 
shipment or for use in other products, 1/ . alpha sub . j units of p/n j must be 
produced. If . alpha sub . j =1, then every unit of p/n j is useable. If . alpha sub . j 
=0.75 then three quarters of the units of p/n j produced are useable. 

Detailed Description Text (335) : 

In general, the number of possible combinations of releases for any specified demand 
set grows rapidly as the number of chip types, number of wafers, or number of wafers 
per chip increases. Excess chip inventory costs, and/or wafer product cost data can 
be used to select among identified wafer release combinations. Alternatively, we can 
formulate a linear (integer) program which will identify the optimal release 
combination. The formulation can be expanded to take into account existing inventory 
of product, chips, and wafers and other resource constraints. 

Detailed Description Text (350) : 

1. Extract data ( Demand , i nventory , Bill-of Materials, Bill -of -Resources , Resonance 
availability cost and revenue data) from site 

Detailed Description Text (351) : 

information systems. Source of each data element will be determined by the 
particular configuration of information systems. In the diagram, the demand data, 
bill-of -material data, and inventory data are extracted from the Material 
Requirements Planning System, the bill-of resource data and the resource 
availability data are extracted from the Capacity Requirements Planning system, and 
the cost and revenue data is extracted from a third manufacturing information 
system. 

Detailed Description Text (356) : 

2 - Inventory data: can include on-hand inventory, supplier orders, planned supplier 
orders, contractual limits. 

Detailed Description Text (364) : 

The demand data, inventory data, and resource availability data are used in the 
construction of the right-hand-side of the constraints. 

Detailed Description Text (367) : 

Specifically, in Step 1, demand data, bill -of -material data, inventory data, and 
cost and revenue data are extracted from an MRP system or from an other 
manufacturing information system. In Step 2, the Optimal Resource Allocation 
Procedure processes this data, formulates the Linear Program, invokes an LP solver, 
extracts the optimal values of the LP variables, translates these values in to a 
shipment schedule and a production schedule. Then, in Step 3, the shipment schedule 
and the production schedule are inserted into the MRP system or other manufacturing 
information system. 

Detailed Description Text (371) : 

Specifically, in Step 1, demand data, bill -of -material data, and inventory data are 
extracted from an MRP system or other manufacturing information system, 
fill-of -resource data and resource availability data are extracted from a CRP system 
or other manufacturing information system, and cost and revenue data is extracted 
from the MRP system, the CRP system, or some other manufacturing information system. 
In Step 2, the Optimal Resource Allocation Procedure processes this data, formulates 
the Linear Program, invokes an LP solver, extracts the optimal values of the LP 
variables, translates these values in to a shipment schedule and a production 
schedule. Then, in Step 3, the shipment schedule and the production schedule are 
inserted into the MRP system, the CRP system or the other manufacturing information 
system. 

Detailed Description Text (375) : 

Specifically, in Step 1, demand data, bill -of -material data, inventory data, and 
cost and revenue data are extracted from an MRP system. In a subsequent step (Step 
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la) the bill-of -material data is processed to eliminate from each bill-of materials 
all raw material part numbers which are not in the pre-specif ied set of critical 
parts, and all product part numbers which do not use, either directly or on 
subassemblies, raw materials in the pre-specif ied set of critical parts. A resulting 
"stripped" bill-of materials may have no component parts. Inventory data for raw 
material part numbers which are not on the pre-specif ied critical parts list and 
have demand are replaced by the total demand for that part number in each time 
period. In Step 2, the Optimal Resource Allocation Procedure processes the reduced 
set of data produced by Step la and formulates the Linear Program corresponding to 
the reduced set of data. A product which has no component parts on its 
bill -of -materials results in production variables which are unconstrained, that s, 
they can take arbitrarily large values. The shipment variables corresponding to 
these products will exactly equal demand. Step 2 then invokes an LP solver, extracts 
the optimal values of the LP variables, translates these values in to a shipment 
schedule and a production schedule. Then, in Step 3, the shipment schedule and the 
production schedule are inserted into the MRP system. The MRP then uses the original 
set of bill-of -materials data, the shipment schedule, and the production schedule to 
determine the requirements of all of the part numbers. In an alternate 
implementation of this method, the bill -of -material pre-processing (Step la) is 
omitted. Subsequent to Step 1 in Step lb the inventory data for every raw-material 
not on the per-specif ied critical component list, the inventory data is replaced by 
the vector (M,M,M, . . . ,M) where M is some very large quantity (e.g., expected 
total annual part usage) . This results in that part usage constraints for these 
parts having extremely large right-hand-sides. In effect, the constraint has been 
omitted from the formulation. Decision variables that appear only in these 
constraints become unconstrained. 

Detailed Description Text (377) : 

Specifically, in Step 1, demand data, bill -of -material data, and inventory data are 
extracted from an MRP system or other manufacturing information system, 
bill-of -resource data and resource availability data are extracted from a CRP system 
or other manufacturing information system, and cost and revenue data is extracted 
from the MRP system, the CRP system, or some other manufacturing information system. 
The inventory data is extracted as follows: the inventory of part number i in period 
to is given by (1) the on hand stock of i for period t=l, (2) the amount of i 
already ordered and scheduled to arrive in period t for lleadtime (i) In Step 2, the 
Optimal Resource Allocation procedure processes this data, formulates the Linear 
Program, invokes an LP solver, extracts the optimal values of the LP variables, 
translates these values in to a shipment schedule a production schedule, and a 
material usage schedule. Then, in Step 3, the shipment schedule the schedule, and a 
material usage schedule are inserted into the MRP system, the CRP system or the 
other manufacturing information system. If available the MRP system is used to 
further analyze and report on the usage of materials, particularly on the usage of 
material beyond its leadtime. Then, either the material usage schedule together with 
the on-hand and on-order inventory data, or the results of the further MRP analysis, 
are used to generate new orders for each part number (outside of its leadtime) . 

Detailed Description Text (379) : 

Specifically, in Step 1, demand data, bill -of -material data, and inventory data are 
extracted from an MRP system or other manufacturing information, bill-of -resource 
data and resource availability data are extracted from a CRP system or other 
manufacturing information system, and cost and revenue data is extracted from the 
MRP system, the CRP system, or some other manufacturing information system. The 
demand data includes previously accepted orders, the specified new order, and a 
forecast of future orders. Each order is classified according to its type. The due 
date for the new order is set to the current date, and it is given a high revenue 
value-higher than the total value of the forecasted orders. In Step 2, the Optimal 
Resource Allocation Procedure processes this data and formulates the Linear Program. 
This LP includes shipment bounds, reflecting the fact that the previously committed 
orders must be shipped on their respective due dates. Then the LP solver is invoked, 
and the optimal values of the LP variables are extracted and translated in to a 
shipment schedule and a production schedule. The date at which the new order ships 
is the earliest possible date at which this order can be shipped. This date is 
reported to the user, or returned to the MRP system or other manufacturing 
information system. 
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Detailed Description Text (381) : 

Specifically, in Step 1, demand data, bill -of -material data, and inventory data are 
extracted from an MRP system or other manufacturing information system, 
bill-of -resource data and resource availability data are extracted from a CRP system 
or other manufacturing information system, and cost and revenue data is extracted 
from the MRP system, the CRP system, or some other manufacturing information system. 
The demand data includes previously accepted orders, the specified new order, and a 
forecast of future orders. Each order is classified according to its type. Revenue 
data for forecasted orders is scaled by the probability of the order materializing. 
The due date for the new order is set to the current date. In Step 2, the Optimal 
Resource Allocation procedure processes this data and formulates the Linear Program. 
This LP includes shipment bounds, reflecting the fact that the previously committed 
orders must be shipped on their respective due dates. Then the LP solver is invoked, 
and the optimal values of the LP variables are extracted and translated in to a 
shipment schedule and a production schedule. If the new order does not appear on the 
shipment schedule, then it is not profitable to make the order and it should be 
rejected, or the customer's price should be increased so that the order becomes 
profitable. If the new order does appear on the shipment schedule, then the date at 
which the new order ships is the most profitable date at which this order can be 
shipped. If earlier shipment is desired, the customer price can be increased. The 
shipment status of the new order, and, if appropriate, the shipment date date are 
reported to the user, or returned to the MRP system or other manufacturing 
information system. 

Detailed Description Text (391) : 

Specifically, in Step 1, demand data, bill -of -material data, inventory data, and 
cost and revenue data are extracted from an MRP system or from an other 
manufacturing information system. The new BOM is represented as a substitute for the 
old BOM, with the earliest field for substitute are giving the earliest potential EC 
execution date. Firm coverage (on-hand plus on-order) is used for parts that will be 
obsoleted by the EC, and planned coverage, or a usage upper bound is used for the 
remaining parts. A penalty cost is assigned to the use of the substitute (new level) 
and/or to scrapping of the obsoleted parts. In Step 2, the Optimal Resource 
Allocation Procedure processes this data, formulates the Linear Program, invokes an 
LP solver, extracts the optimal values of the LP variables, translates these values 
in to a shipment schedule and a production schedule. The solution will give 
production schedule for each EC level, which can be used to determine the EC 
break-in date. Then, in Step 3, the shipment schedule and the production schedule 
and the EC break-in date information are inserted into the MRP system or other 
manufacturing information system. 

Detailed Description Text (393) : 

Specifically, in Step 1, demand data, bill -of -material data, and inventory data are 
extracted from an MRP system or other manufacturing information system, 
bill-of -resource data and resource availability data are extracted from a CRP system 
or other manufacturing information system, and cost and revenue data is extracted 
from the MRP system, the CRP system, or some other manufacturing information system. 
In Step 2, the Optimal Resource Allocation Procedure processes this data, formulates 
the Linear Program, invokes an LP solver, extracts the optimal values of the LP 
variables, translates these values in to a shipment schedule and a production 
schedule. In addition, the "dual variable" are also extracted from the LP solver, 
and those corresponding to material availability constraints and capacity 
availability constraints are sorted in decreasing order. Among this set, the 
constraint with the largest dual variable corresponds to a capacity or material, and 
a time period such that obtaining more of that capacity or resource in that time 
period will have the greatest impact on total profit. A list of pairs (material or 
resource, time period) that have the most potential for impacting profit are 
reported. 

Detailed Description Text (394) : 

15. A method for End-of-Life Inventory Optimization which determines the optimal 
allocation of on-hand materials and capacities to products so as to minimize the 
value of the remaining inventory . 
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Detailed Description Text (395) : 

Specifically, in Step 1, demand data, bill -of -material data, and inventory data are 
extracted from MRP system or other manufacturing information system, 

bill-of -resource data and resource availability data are extracted from a CRP system 
or other manufacturing information system, and cost and revenue data is extracted 
from the MRP system, the CRP system, or some other manufacturing information system. 
Inventory data is extracted for on-hand and firm order inventory only. The demand 
data is adjusted, if necessary, to reflect potential demand for each of the possible 
end products. The holding cost of each material in the final period is set to the 
value of that material; all other cost and revenue data is eliminated. In Step 2, 
the Optimal Resource Allocation Procedure processes this data and formulates the 
Linear Program. The then LP solver is invoked, and the optimal values of the Lp 
variables are extracted and translated into a shipment schedule and a production 
schedule. Since the only coefficients in the objective function are holding costs 
for inventory in the final period, production and shipment schedule correspond to an 
allocation of resources that minimizes the value of the final inventory . 

Detailed Description Text (397) : 

Specifically, in Step 1, data describing the demand, inventory, bill -of -materials , 
bill-of -resources, capacity availability, cost and revenue, and bill-of -products is 
extracted from MRP, CRP and other manufacturing information systems. There may be 
multiple bill-of -materials and/or multiple bill-of -resources for each product; each 
bill -of -materials and bill-of -resources may have a distinct cost associated with it. 
This cost data is included in the cost and revenue data. In Step 2, the Optimal 
Resource Allocation Procedure processes this data and formulates the Linear Program. 
There are multiple production variables for each product, corresponding to each of 
the possible bill -of -materials and bill -of -resources associated with that product. 
Then the LP solver is invoked, and the optimal values of the LP variables are 
extracted and translated into a shipment schedule and a production schedule. The 
production schedule specifies the quantity of each product built with each 
bill-of -materials and each bill-of -resources in each time period. In Step 3, the 
shipment schedule and the production schedule are inserted to the MRP system, the 
CRP system, and the other manufacturing information system. 

Detailed Description Text (399) : 

Specifically, in Step 1, data describing the demand, inventory, bill-of -materials , 
bill -of -resources, capacity availability, cost and revenue, and bill-of -products is 
extracted from MRP, CRP and other manufacturing information systems. In Step 2, the 
Optimal Resource Allocation Procedure processes this data and formulates the Linear 
Program. Then the LP solver is invoked, and the optimal values of the LP variables 
are extracted and translated into a shipment schedule and a production schedule. In 
Step 3, the shipment schedule and the production schedule are inserted in to the MRP 
system, the CRP system, and the other manufacturing information system. 

Detailed Description Paragraph Table (3) : 

TABLE 3 Inventory 

Plain sandwich 3 Green pepper 10 oz . Mushroom 

14 oz . Butter 15 oz . Eggs 40 Ham 30 oz . Cheese 30 oz . Bread 20 slices Cheese 
sandwich 1 



Detailed Description Paragraph Table (5) : 

TABLE 5 Net Requirements (shortages) 

Green pepper 2 oz . Mushrooms 0 (excess 

inventory ) Butter 4 tsp. Eggs 21 Ham 12 oz . Cheese 5 oz . Bread 4 slices 



Detailed Description Paragraph Table (8) : 

Initial Inventory New Supply 

Plain sandwiches 2 0 Cheese sandwiches 1 0 

Bread 20 slices 30 slices Ham 25 oz . 15 oz . Cheese 30 oz . 20 oz . Eggs 5 2 



CLAIMS: 

1. A method for optimizing component allocation in a manufacture of a plurality of 
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products of different types from a set of components by a plurality of manufacturing 
procedures to obtain an optimum production quantity for each of said product types, 
comprising steps of: 

within each of said procedures, establishing quantities of components to be employed 
in respective ones of said procedures; 

providing an inventory of said components, and placing each type of component of the 
inventory in a separate location of a vector; 

arranging said products as variables in respective product columns of a matrix 
having rows and columns wherein individual ones of the rows are reserved for 
respective components of the products, there being a plurality of product columns 
with a separate column for each product type; 

establishing a material constraint for the set of components of the respective 
component rows by, in each of the component rows, multiplying the product variable 
of each column by coefficients designating the amount of each component in the 
product, each of the component rows corresponding to the location of an amount of 
component type in the vector; 

via a plurality of production constraints for said products, constraining shipments 
of respective ones of said product types minus the quantity of each of the 
respective product types produced to be less than or equal to a quantity of each of 
the product types in inventory ; 

placing said production constraints of said product types in respective ones of 
additional rows of the matrix with shipments being located in separate shipment 
columns of the matrix and said product types being located in the respective product 
columns, there being a separate row for each product type having a nonzero shipment, 
the quantities of the product types in inventory being entered at locations of said 
vector corresponding to the matrix row having the production constraints ; 

via a plurality of demand constraints for said products, constraining shipments of 
respective ones of said product types to be less than or equal to a demand for the 
respective product types; 

placing said demand constraints of said products in separate additional rows of said 
matrix with shipments being located in respective ones of said shipment columns of 
the matrix, the demands for said product types being located in separate locations 
of said vector corresponding to the respective rows of the demand constraints; 

applying a linear programming optimization to said matrix and said vector in 
accordance with an objective function to obtain an optimum production quantity for 
each of said product types; and 

producing, via said plurality of manufacturing procedures, said optimum production 
quantity for each of said product types. 

3. A method according to claim 1 wherein, in said manufacturing procedures, an 
individual product of a selected type of said products serves as a subassembly to be 
combined with at least one of said components for fabricating a further one of said 
products, at least a portion of the total quantity of said selected product type 
being employed as a subassembly for one or more of said prducts, said method further 
comprising a step of, 

via a set of sum constraints for each of respective types of said products employed 
as a subassembly in one or more of said products for which there is demand, 
constraining the total quantity of said selected product type minus a quantity of 
the selected product type which is produced to be less than or equal to the quantity 
of said selected product type in inventory . 

14 . A method according to claim 1 wherein individual ones of said manufacturing 
procedures can be accomplished by use of substitute components in addition to said 
first-mentioned components, which are normally used, and wherein: 
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said step of providing inventory includes a placing of substitute components in said 
vector; 

said step of arranging products includes establishment of additional rows for the 
substitute components and additional columns for products formed of substitute 
components; and 

said step of establishing a material constraint is repeated for the substitute 
components . 

18. A method according to claim 1 wherein there is set of bounds having at least one 
bound on a manufacturing parameter, the manufacturing parameter including any one of 
product production quantity, or product shipping quantity, or inventory stock, the 
bound being either an upper limit or a lower limit, the method further comprising: 

introducing said bounds as bound constraints in the manufacture of the products; and 



placing said bound constraints in separate rows of said matrix wherein the magnitude 
of the bound is placed in a corresponding location of said vector. 

19. A method for optimizing resource allocation in a manufacture of a plurality of 
products of different types from a set of components by use of a plurality of 
resources in a plurality of manufacturing procedures to obtain an optimum production 
quantity for each of said product types, comprising steps of: 

within each of said procedures, establishing quantities of resources to be employed 
in respective ones of said procedures; 

providing an inventory of said resources, and placing each type of resource of the 
inventory in a separate location of a vector; 

arranging said products as variables in respective product columns of a matrix 
having rows and columns wherein individual ones of the rows are reserved for 
respective resources employed in the manufacture of the respective products, there 
being a plurality of product columns with a separate column for each product type; 

establishing a resource constraint for the set of resources of the respective 
resource rows by, in each of the resource rows, multiplying the product variable of 
each column by coefficients designating the amount of each resource to be employed 
in manufacture of the product, each of the resource rows corresponding to the 
location of an amount of resource type in the vector; 

via a plurality of production constraints for said products, constraining shipments 
of respective ones of said product types minus the quantity of each of the 
respective product types produced to be less than or equal to a quantity of each of 
the product types in inventory ; 

placing said production constraints of said product types in respective ones of 
additional rows of the matrix with shipments being located in separate shipment 
columns of the matrix and said product types being located in the respective product 
columns, there being a separate row for each product type having a nonzero shipment, 
the quantities of the product types in inventory being entered at locations of said 
vector corresponding to the matrix row having the production constraints; 

via a plurality of demand constraints for said products, constraining shipments of 
respective ones of said product types to be less than or equal to a demand for the 
respective product types; 

placing said demand constraints of said products in separate additional rows of said 
matrix with shipments being located in respective ones of said shipment columns of 
the matrix, the demands for said product types being located in separate locations 
of said vector corresponding to the respective rows of the demand constraints; 
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applying a linear programming optimization to said matrix and said vector in 
accordance with an objective function to obtain an optimum production quantity for 
each of said product types; and 

producing, via said plurality of manufacturing procedures, said optimum production 
quantity for each of said product types. 

21. A method for material constrained production planning whereby a feasible 
allocation of material to demand for maximization of profit is determined to obtain 
an optimum production quantity for each of said product types, the material 
including components in a plurality of manufacturing procedures conducted in 
accordance with a manufacturing information system for said optimum production 
quantity, the method comprising steps of: 

providing demand data, bill -of -material data, inventory data, cost and revenue data; 



within each of said procedures, establishing quantities of components to be employed 
in respective ones of said procedures; 

providing an inventory of said components from said data, and placing each type of 
component of the inventory in a separate location of a vector; 

arranging said products as variables in respective product columns of a matrix 
having rows and columns wherein individual ones of the rows are reserved for 
respective components of the products, there being a plurality of product columns 
with a separate column for each product type; 

establishing a material constraint for the set of components of the respective 
component rows by, in each of the component rows, multiplying the product variable 
of each column by coefficients designating the amount of each component in the 
product, each of the component rows corresponding to the location of an amount of 
component type in the vector; 

via a plurality of production constraints for said products, constraining shipments 
of respective ones of said product types minus the quantity of each of the 
respective product types produced to be less than or equal to a quantity of each of 
the product types in inventory ; 

placing said production constraints of said product types in respective ones of 
additional rows of the matrix with shipments being located in separate shipment 
columns of the matrix and said product types being located in the respective product 
columns, there being a separate row for each product type having a nonzero shipment, 
the quantities of the product types in inventory being entered at locations of said 
vector corresponding to the matrix row having the production constraints; 

via a plurality of demand constraints for said products, constraining shipments of 
respective ones of said product types to be less than or equal to a demand for the 
respective product types; 

placing said demand constraints of said products in separate additional rows of said 
matrix with shipments being located in respective ones of said shipment columns of 
the matrix, the demands for said product types being located in separate locations 
of said vector corresponding to the respective rows of the demand constraints; 

applying a linear programming optimization to said matrix and said vector in 
accordance with an objective function to obtain said optimum production quantity for 
each of said product types to maximize profit; 

providing a shipment schedule and a production schedule; and 

inserting the shipment schedule and the production schedule into said manufacturing 
information system for a manufacture of each of said product types in said optimum 
production quantity. 
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22. A method for material constrained production planning whereby a feasible 
allocation of material to demand for maximization of profit is determined to obtain 
an optimum production quantity for each of said product types, the material 
including components in a plurality of manufacturing procedures conducted in 
accordance with a manufacturing information system for said optimum production 
quantity, the method comprising steps of: 

providing demand data, bill -of -resource data, resource availability data, cost and 
revenue data; 

within each of said procedures, establishing quantities of components to be employed 
in respective ones of said procedures; 

providing an inventory of said components from said data, and placing each type of 
component of the inventory in a separate location of a vector; 

arranging said products as variables in respective product columns of a matrix 
having rows and columns wherein individual ones of the rows are reserved for 
respective components of the products, there being a plurality of product columns 
with a separate column for each product type; 

establishing a material constraint for the set of components of the respective 
component rows by, in each of the component rows, multiplying the product variable 
of each column by coefficients designating the amount of each component in the 
product, each of the component rows corresponding to the location of an amount of 
component type in the vector; 

via a plurality of production constraints for said products, constraining shipments 
of respective ones of said product types minus the quantity of each of the 
respective product types produced to be less than or equal to a quantity of each of 
the product types in inventory ; 

placing said production constraints of said product types in respective ones of 
additional rows of the matrix with shipments being located in separate shipment 
columns of the matrix and said product types being located in the respective product 
columns, there being a separate row for each product type having a nonzero shipment, 
the quantities of the product types in inventory being entered at locations of said 
vector corresponding to the matrix row having the production constraints; 

via a plurality of demand constraints for said products, constraining shipments of 
respective ones of said product types to be less than or equal to a demand for the 
respective product types; 

placing said demand constraints of said products in separate additional rows of said 
matrix with shipments being located in respective ones of said shipment columns of 
the matrix, the demands for said product types being located in separate locations 
of said vector corresponding to the respective rows of the demand constraints ,- 

wherein said manufacture is accomplished with the use of a set of resources, each 
resource of said set of resources being available for a predetermined amount of 
time, the method further comprising 

establishing additional resource-constraint rows in said matrix and corresponding 
additional resource-constraint locations in said vector; 

for each of the products employing, in its manufacture, one of said resources, 
totaling the usage time for each product of said one resource, and setting forth a 
relationship in the matrix row of said one resource providing for said totaling of 
resource usage time, said totaling of resource usage time being less than or equal 
to a maximum amount of resource usage time set forth in the corresponding resource 
constraint location of said vector; 

applying a linear programming optimization to said matrix and said vector in 
accordance with an objective function to obtain said optimum production quantity for 
each of said product types to maximize profit; 
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providing a shipment schedule and a production schedule; and 

inserting the shipment schedule and the production schedule into said manufacturing 
information system for a manufacture of each of said product types in said optimum 
production quantity. 

23 . A method for critical components constrained materials requirements planning 
whereby a specified set of critical raw materials are allocated to demands to obtain 
an optimum production quantity for each of said product types so as to maximize 
profit, and the resulting production plan is then analyzed to determine the 
requirements of all materials not in the specified set, the critical raw materials 
including components in a plurality of manufacturing procedures conducted in 
accordance with a manufacturing information system for said optimum production 
quantity, the method comprising steps of: 

extracting demand data, bill -of -material data, inventory data from a manufacturing 
information system; 

eliminating from each bi 11 -of -materials all raw material part numbered units which 
are not in a predetermined set of critical parts, and all product part numbered 
units which do not use, either directly or on subassemblies, raw materials in the 
predetermined set of critical part, thereby to provide a reduced bill of materials; 

replacing inventory data for raw material part numbered units which are not on the 
predetermined critical parts list and which have demand by a total demand for 
respective ones of the part numbered items in each of a plurality of time periods; 

within each of said procedures, establishing quantities of components to be employed 
in respective ones of said procedures; 

providing an inventory of said components, and placing each type of component of the 
inventory in a separate location of a vector; 

arranging said products as variables in respective product columns of a matrix 
having rows and columns wherein individual ones of the rows are reserved for 
respective components of the products, .there being a plurality of product columns 
with a separate column for each product type; 

establishing a material constraint for the set of components of the respective 
component rows by, in each of the component rows, multiplying the product variable 
of each column by coefficients designating the amount of each component in the 
product, each of the component rows corresponding to the location of an amount of 
component type in the vector; 

via a plurality of production constraints for said products, constraining shipments 
of respective ones of said product types minus the quantity of each of the 
respective product types produced to be less than or equal to a quantity of each of 
the product types in inventory ; 

placing said production constraints of said product types in respective ones of 
additional rows of the matrix with shipments being located in separate shipment 
columns of the matrix and said product types being located in the respective product 
columns, there being a separate row for each product type having a nonzero shipment, 
the quantities of the product types in inventory being entered at locations of said 
vector corresponding to the matrix row having the production constraints; 

via a plurality of demand constraints for said products, constraining shipments of 
respective ones of said product types to be less than or equal to a demand for the 
respective product types; 

placing said demand constraints of said products in separate additional rows of said 
matrix with shipments being located in respective ones of said shipment columns of 
the matrix, the demands for said product types being located in separate locations 
of said vector corresponding to the respective rows of the demand constraints; and 
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applying a linear programming optimization to said matrix and said vector in 
accordance with an objective function to obtain said optimum production quantity for 
each of said product types to maximize profit; 

providing a shipment schedule and a production schedule; and 

inserting the shipment schedule and the production schedule into said manufacturing 
information system for a manufacture of each of said product types in said optimum 
production quantity. 



